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5-FLUOROURACIL (FU) is thought to
exert its cytotoxic effects by either or
both oftwo separate biochemical mechan-
isms: the inhibition or alteration of RNA
maturation and function by the incorpora-
tion of 5-fluorouridine 5'-triphosphate
(FU-TP) into RNA (Mandel, 1969; Tseng
et al., 1978; Wilkinson et al., 1973, 1975),
and the inhibition of DNA formation
through the blockade of thymidylate
synthetase by 5-fluoro-2'-deoxyuridine 5'-
monophosphate (FdUMP) (Cohen, 1971;
Hartmann & Heidelberger, 1961; Heidel-
berger, 1965; Rueckert & Mueller, 1960;
Santi et al., 1974). However, the relative
importance of the effects on DNA and
RNA for the cytotoxicity of FU remains
unknown. It isimportant in analysis ofthe
mechanism ofFU cytotoxicity to examine
differences in the pharmacological and
chemotherapeutic behaviourof5-fluorouri-
dine (FUR) and 5-fluoro-2'-deoxyuridine
(FUdR), because the DNA- and RNA-
directed toxicity is known to be exerted
by FUdR and FUR, respectively. We
recently demonstrated the distinction
between FUR and FUdR on the time
dependence oftheir cytotoxicities. Namely
the cytotoxic action of FUR is rapid and
completed within a few hours, whereas
the cytotoxicity of FUdR depends mark-
edly upon its exposure time (Kanzawa
et al., 1980a). This communication des-
cribes the effects of exposure time on the
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cytotoxicity of FU, compared with FUR
and FUdR above, for an analysis of the
mechanism of FU cytotoxicity.
Stock cultures ofthe murine lymphoma
L5178Y cells were maintained in exponen-
tial growth by subculture 3 x weekly as
suspension cultures in Fischer's medium,
supplemented with 10% horse serum and
antibiotics in humidified air containing
5% C02, as described previously (Kan-
zawa et al., 1979). The effect of brief
exposure to drugs on the subsequent
growth of cells cultured in a drug-free
medium was determined as follows. Fifty-
ml cultures, initially containing 2-5 x 104
cells/ml, were exposed to drug at several
concentrations for the desired intervals.
The exposed cells were collected by centri-
fugation (500 g, 3 min), washed once and
resuspended in a warm, drug-free medium
andincubated at 37°C; sampling atregular
intervals to determine the cell density
with an electronic particle counter. At
sampling, the culture was diluted with
fresh, warmed medium whenever the cell
density reached 1-5 x 105 cells/ml, and
the cumulative cell numbers were calcu-
lated by multiplying the cell densities by
the dilution factors at each culture sub-
division. The proliferation ratio was cal-
culated on the basis of the cumulative
cell number of treated versus control
culture on the 4th day.
The Table shows the proliferation ratio
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TABLE.-Effects of duration of exposure
on- the antiproliferating activities of
5-fiuorouracil against L5178Y cells in
culture
Concen-
tration
(PM)
50
30
20
15
10
7-5
5-0
3-0
2-0
1-0
0-75
0-50
0-30
'HI AND K. KURETANI
100
Exposure time (h)
1 3 6
0-56* -
0-47
0-77 0-54 -
2-25 0-58
10-8 0-82
- 1-15 0-40
8-10 0-52
1-5
- 12-5
3!
12 18
10
24
1 _~~~~~~~~~~~;:L
0-60 0-40 0-37 -H1
0-94 0-49 0-51 ->
5-83 0-98 0-98 ,
9-0 8-61 4-93 X
- 44-0 32-6 tx
* The value indicates the proliferating ratio as
percentage of control. After 4 days' culture, the
proliferating ratio was calculated on the basis of the
cumulative cell number.
of L5178Y cells exposed to FU at various
concentrations for 1, 3, 6, 12, 18 and 24h.
From a 1 h exposure, the cells grew
continuously at 5,uM FU or less (data not
shown), but at concentrations of 10, 15,
20, 30 and 50 ,uM, FU inhibited the cell
proliferation by 89-20, 97-35, 99-23, 99-53
and 99-64%, respectively, and the IC99
value of FU was 19 ,uM. The antitumour
activity of FU was increased with expo-
sure time, as is evident from the fact that
the IC99 values from 3, 6 and 12 h expo-
sures were 8-5, 3-6 and 0-98 ,uM, respec-
tively. After longer exposures, however,
the activity remained almost unchanged.
The IC99 value from 24h exposure was
0-74 pM, which was 25-6 times that from
lh exposure.
The changes in the cytotoxicity of FU
with exposure time are more clearly
shown in the Figure, in which the rela-
tionships between exposure time and cyto-
toxicity for FUR and FUdR are also
shown for comparison with that for FU.
The difference in the time-dependence of
cytotoxicity between FUR and FUdR
should be noted. FUdR inhibited the cell
proliferation by 99% of control after
exposure for 1 h at 2-5 /M, which was
about 1000 times that required for the
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FIGURE.-The effect of exposure time to
5-fluorouracil (Fu) and its analogues on the
drug concentration inhibiting cell pro-
liferation by 99% (1C99).
same degree of inhibition from the 24h
exposure. On the other hand, the increase
in cytotoxicity of FUR with exposure
time was found only when the exposure
timewas much shorter (< 6 h).
The IC99 value of FUR from lh expo-
sure (0416 ,M) was only 6-7 x that from
24h exposure. Comparing the time-de-
pendent response curves of FU, FUR
and FUdR, FU differed greatly from
FUdR, but was similar to FUR.
In previous reports, we demonstrated
that the cytotoxicity ofFU is irreversible,
being similar to that of FUR, and is
very different from that of FUdR, which
is characteristically reversible (Kanzawa
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et al., 1980b). Similar results have been
obtained by Drewinko et al. (1980).
Furthermore, observations on the de-
velopment of resistance and cross-resis-
tance suggest that the cytotoxicities of
FU and FUR are similar and distinct
from FUdR (Kanzawa et al., 1980c). The
above facts suggest that interference with
the RNA function may be more important
in the cytotoxicity of FU than the inhibi-
tion ofDNA synthesis via the inactivation
of thymidylate synthetase by FUdR,
because the difference in cytotoxicity
of FUR and FUdR was thought to be
associated with different mechanisms,
namely the RNA and DNA effects.
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